Typically, 4-14% of patients discharged from Intensive Care Units (ICUs) will be re-admitted. 1 ICU re-admission identifies a high-risk group in terms of hospital mortality, length of stay, and resource utilization. Various studies have found hospital death rates in patients re-admitted to ICU to be increased by a factor ranging from 2 to almost 10. 1 Indeed, an 11-fold increase in relative risk of mortality was described after adjusting for severity of illness in a prospective cohort study. 2 Similarly, the length of hospital stay is at least twice as long as for those not re-admitted. 1 2 It is even argued that the ensuing increase in costs imposes a 'fiscal responsibility' on health care practitioners to inform themselves of the outcomes of such patients, and indeed all who respond poorly to intensive therapy, so that we may use these expensive and limited resources more prudently. 3 4 A consistent pattern in recent ICU outcome studies has been to record more meaningful measures than survival alone. However, only hospital and ICU mortality are well described in the literature on critically ill patients needing re-admission.
Many instruments have been devised to measure functional outcome and quality of life, depending on the patient population. One such instrument for measuring functional outcome is the Glasgow Outcome Score (GOS), which is well validated in trauma, 5 cardiac arrest, 6 and some medical 7 8 and cardiothoracic patients, 9 despite certain limitations. 10 Another measurement tool, the Karnofsky index, 11 is a similarly well established tool with proven validity and reliability for the assessment of independent functioning in the critical illness 12 and cardiac surgery setting. 13 14 The Karnofsky index is a descriptive, ordinal scale that ranges from 100 (good health) to 0 (dead) and emphasizes physical performance and dependency, whereas the GOS measures broader categories of functional outcome. A GOS of 4 or 5 or a Karnofsky index of 70-100 is generally considered a favourable functional outcome. 15 16 We hypothesized that we could identify patient variables during a first ICU admission that would predict an increased risk of subsequent ICU re-admission, and furthermore, that patient variables during ICU re-admission could determine both mortality and good functional outcome at follow-up. The aims of our study were to describe the incidence of re-admission to the ICU during a 1 yr period and to identify factors associated with an increased risk of re-admission. Having identified this cohort, we then aimed to evaluate their GOS and Karnofsky indices 2 -3 yr after discharge and identify possible determinants of their functional outcome.
Methods
This study was conducted in an 18-bed, universityaffiliated, tertiary referral combined medical and surgical ICU. This unit is located in a 570-bed, inner-city hospital that serves as the national centre for cardio-thoracic surgery, including transplantation, and for spinal injuries.
After institutional ethics committee approval, a prospectively recorded database of ICU admissions was used to identify all cases of ICU re-admission from January 1 to December 31, 2004. ICU re-admission was defined for the purposes of this study as a second (or further) admission to the ICU during a single hospital stay. The prospectively collected data for all ICU admissions included sociodemographic data, such as age and sex, the reason for admission which was based on a pre-defined list of medical and surgical diagnoses, specialty category, nature of the admission (i.e. elective or emergency), severity of illness as measured by Apache 2 score, length of ICU stay, and survival status at ICU discharge.
The subset of re-admitted patients had additional data recorded. These included the source of re-admission, the timing of re-admission [classified as immediate (within 24 h), early (24 -72 h), and late (after 72 h)], 17 length of stay, Apache 2 score on re-admission, number of re-admissions, and number of organs supported.
In January 2007, a median of 2.5 yr after discharge, we analysed the charts of all re-admitted patients and identified the survivors. We used structured interviews by telephone 18 to assess the functional outcome in the form of GOSs and Karnofsky indices. We analysed factors that predicted mortality at 2.5 yr and factors that predicted good functional outcome (defined as a GOS of 4 -5 or Karnofsky index of 70-100). 19 -22 Statistical analysis was performed using Stata v9. For tests of statistical significance, Student's t-test and x 2 test were used. Logistic regression was used to explore the influence of a series of variables on both survival status and good functional outcome at a median of 2.5 yr after re-admission.
Results
During the period from January 1 to December 31, 2004, 1160 patients were admitted to our ICU. Of these, 99 patients died during their first admission. Of the 1061 patients who survived their first ICU stay, 73 (7.4%) patients were discharged and then re-admitted to the ICU during the same hospital stay, the remaining were not re-admitted. Of the re-admitted patients, 16 patients were re-admitted twice, 4 patients were re-admitted three times, and 1 patient was re-admitted four times. The diagnoses leading to re-admission were categorized as respiratory in 46 patients, cardiovascular in 13, septic shock in 9, gastrointestinal in 3, and neurological in the remaining 2 patients. The commonest cause of re-admission was pulmonary infection, which accounted for 28 patients, or 38% of all re-admissions.
During their first ICU stay, patients who were re-admitted differed from other patients in several respects (comparisons based on ICU day 1 data during the first admission are presented in Table 1 ). They were older and more likely to have been admitted to the unit in emergency circumstances. They also had higher Apache 2 scores on their original admission. Patients with a Figs 1 and 2 ).
There were 32 surviving patients at the time of follow-up. The analysis of outcome data on this subgroup showed that they, the survivors, had a median GOS of 4 [4] [5] and median Karnofsky index of 70 [70 -90] . Of the 32 survivors, 29 were at home whereas 3 were discharged from hospital to nursing homes where they remained. We used a multivariate model to analyse prognostic factors for both mortality and good functional outcome in the 73 re-admitted patients at the time of follow-up.
Several subgroups of patients were identified as having a significantly higher risk of mortality. These included older patients and patients who had had higher Apache 2 scores on both first admission and re-admission. Mortality was also increased in patients who were re-admitted in the first 24 h after discharge (all of the 10 patients re-admitted within 24 h of discharge were dead at follow-up) and had three organ failures (respiratory, cardiovascular, and renal). This risk of mortality includes ICU mortality, mortality during that hospital stay, and mortality in the intervening 2 -3 yr. The odds ratios are presented in Table 2 .
With regard to favourable functional outcome at the time of follow-up, the only independent predictors identified were lower Apache 2 scores on first ICU admission and on re-admission. Age, sex, specialty category, timing of re-admission, length of stay, number of re-admissions, or number of organs supported did not predict favourable functional outcome at follow-up (see Table 3 ).
Discussion
We found that 7.4% of the patients who survived their first ICU stay were re-admitted during the study period. This re-admission rate is comparable with international standards. 1 Univariate analysis showed that older patients, patients with a higher Apache 2 score on first ICU admission, and general and vascular surgical patients had an increased risk of being re-admitted. There was a higher risk of mortality in older patients, those with higher Apache 2 scores on first and subsequent admissions, those re-admitted within 24 h of discharge, and those with three organ failures (respiratory, cardiovascular, and renal). Lower Apache 2 scores on first ICU admission and on re-admission were the only identified predictors of Outcome after ICU re-admission favourable functional outcome at follow-up. The fact that certain patient variables, such as length of ICU stay or number of re-admissions, were not identified as predictors of favourable outcome in this cohort is equally valuable information in clinical decision-making.
Thirty-two (43.8%) of the 73 re-admitted patients were alive 2 -3 yr after discharge. The median GOS of the survivors was 4 [4] [5] and their median Karnofsky index was 70 [70 -90] at follow-up. A GOS of 4 indicates moderate disability, describing a patient who is able to function independently but not return to work, whereas a Karnofsky index of 70 characterizes one who can self-care but is unable to carry out normal activity or do active work. A patient with a Karnofsky index of 80 can return to work and normal activity with some effort and some symptoms of disease. Thus, although less than half of the patients were alive at 2 -3 yr, those who survived had made a reasonably good functional recovery.
These functional outcome results are comparable with the published data from studies that describe long-term functional outcome among ICU survivors who were not necessarily re-admitted. In a study of ICU patients, Mahul and colleagues 23 found that the subgroup of 295 patients aged .70 yr had a 1 yr cumulative mortality of 49%. 23 Of the survivors, 88% returned home and 72% had relatively good functional status allowing an independent life. In a follow-up study of patients who spent 7 days or more in a surgical ICU, the 1 yr survival rate was 45.3% whereas Sickness Impact Profile score was lower than baseline at 1 yr. 24 As in our study, these studies show that while mortality rate and resource utilization is significant, functional outcome is consistent with a good quality of life.
Pulmonary infection was the reason for re-admission in 38% of our patients. This warrants some consideration. Additional resources in the form of increased intermediate care facilities, intensive care outreach teams, 25 tracheostomy care teams, and increased physiotherapy and speech therapy input outside of the ICU could all potentially facilitate early identification of these failed discharges and prompt re-admission with improved outcomes. 26 An attendant reduction in re-admissions might reasonably be anticipated.
While these are the results of a single centre study, our basic patient characteristics, re-admission rates, and ICU and hospital mortality rates are consistent with other authors, with the implication that our functional outcome data should also be consistent. We used the GOS and Karnofsky index as a measure of functional outcome. Black and colleagues, 12 in a systematic review of the adult ICU literature, found 161 outcome measures described, of which only 38 had more than one reported use. Of these 38, they recommended only 11 should be used in further studies. These included the GOS that was recommended as a measure of recovery and the Karnofsky index as a measure Table 3 Predictive factors during re-admission for good functional outcome (Glasgow Outcome Score of 4 -5 or Karnofsky index of 70-100) at a median of 2.5 yr after re-admission. For continuous variables (age and Apache scores), the odds ratio is for each increment of 1 of that variable. Odds ratios for two and three organs supported are compared with less than two and organs, respectively. There are no odds ratios or 95% CIs for immediate re-admission as none of these patients were alive at follow-up. Data are derived from the 73 re-admitted patients. There are no figures for 'immediate' timing of re-admission as all of these patients were dead at follow-up of physical function. Ideally, we would have also measured health-related quality of life using one of the recognized scoring systems such as Sickness Impact Profile or Short Form-36, but these were not suitable for the structured telephone interview setting. They also deal with matters beyond the scope of ICU care (e.g. community care, follow-up, family support, and rehabilitation) and are probably unlikely to impact on ICU decision-making. It would also be difficult to get 100% follow-up with such a detailed measurement, which we achieved in our study. There were other limitations to our study. Pre-existing diseases and co-morbidities are important in determining both ICU survival and longer term functional outcome. Our database recorded only those included in the Apache 2 scoring system.
Our case-mix was influenced by the fact that we are a centre for cardiothoracic and heart transplantation, and spinal injuries. We also have no data on the patients who were discharged alive from ICU and not subsequently considered for re-admission, whether by patient choice or for presumed medical futility.
In conclusion, ICU re-admission commonly represents a major, distressing setback in a patient's illness or recovery. Our data show that although the ICU, hospital, and subsequent mortalities are high in patients after ICU re-admission, most survivors at 2 -3 yr had by then made a good functional recovery and were independent. This may provide some evidence to inform discussions with patients, their relatives, and advocates at the time of ICU re-admission about their long-term health and outcome.
